Structural basis of substrate binding to UDP-galactopyranose mutase: crystal structures in the reduced and oxidized state complexed with UDP-galactopyranose and UDP.
D-Galactofuranose (Galf) residues are found in the cell walls of pathogenic microbes such as Mycobacterium tuberculosis, and are essential for viability. UDP-galactopyranose mutase (UGM) is a unique flavo-enzyme that catalyzes the reversible conversion of UDP-galactopyranose (UDP-Galp) and UDP-galactofuranose (UDP-Galf). UDP-Galf is the active precursor of Galf residues found in cell walls. Despite the wealth of biochemical/mechanistic data generated for UGM, the structural basis of substrate binding is still lacking. Here, we report the crystal structures of UGM from Deinococcus radiodurans (drUGM) in complex with its natural substrate (UDP-Galp) and UDP. Crystal structures of drUGM:UDP-Galp complexes with oxidized and reduced FAD were determined at 2.36 A and 2.50 A resolution, respectively. The substrate is buried in the active site in an unusual folded conformation and the anomeric carbon of the galactose is at a favorable distance (2.8 A) from N5 of FAD to form an FAD-galactose adduct. The mobile loops in the substrate complex structure exist in a closed conformation. The drUGM-UDP complex structure was determined at 2.55 A resolution and its overall structure is identical with that of the oxidized and reduced complexes, including the conformation of the mobile loops. Comparison with the recently reported UGM:UDP-glucose complex structure reveals key differences and the structures reported here are likely to represent the productive/active conformation of UGM. These structures provide valuable insights into substrate recognition and a basis for understanding the mechanism. These complex structures may serve as a platform for structure-guided design of inhibitors of UGM.